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Ab stract
The cold ac tive ß-galactosidase iso lated from Arthrobacter
sp. C2-2 was ex pressed and fully char ac ter ized. The dif -
frac tion mea sure ments were com pleted and the 3D struc -
ture de ter mi na tion is in prog ress. Com par i son of
pre lim i nary struc ture shows that the en zymes from
psychrophilic and thermophilic or gan isms have high con -
for ma tion sim i lar ity in spite of homology 32 % only. A role 
of mu ta tions im por tant for ac tiv ity and the conformational
sta bil ity of the en zyme are an a lyzed by en ergy cal cu la -
tions.  

In tro duc tion

The ß-galactosidase from Arthrobacter sp. C2-2, main sub -
ject of this study, was de rived from bac te ria liv ing in
Antarctica un der low tem per a tures (per ma nently be low
5 °C). Its low tem per a ture ac tiv ity de serves spe cial at ten -
tion be cause of many prac ti cal and the o ret i cal im pacts of
en zy matic pro cesses un der am bi ent tem per a tures [1, 2].
The elu ci da tion of low tem per a ture ad ap ta tion of en zymes
re quires knowl edge of de tailed mo lec u lar ge om e try and an
anal y sis of conformational changes in the ac tive site. The
only known method be ing able to give com plete de ter mi na -
tion of struc ture of large pro teins is the X-ray crys tal log ra -
phy. There fore, the first part of our pro ject is to de ter mine
the struc ture the above men tioned cold-ac tive en zyme us -
ing X-ray dif frac tion.

Struc ture de ter mi na tion

Cold ac tive ß-galactosidase from Arthrobacter sp. C2-2 is a 
large pro tein homological to the ß-galactosidase from
Esch e richia coli (se quence iden tity 32%). The de tails con -
cern ing the ex pres sion, pu ri fi ca tion and de ter mi na tion of
ba sic char ac ter is tics of the pro tein per formed in the In sti -
tute of Chem i cal Tech nol ogy in Praha were pub lished in [1, 
2]. 

The pro tein was crys tal lized us ing hang ing drop

method. Crys tal li za tion drops con tained 1 ml pro tein so lu -

tion and 1 ml res er voir so lu tion.  Pro tein so lu tion:  4 mg/ml
in 10 mM po tas sium phos phate buffer pH 7.5, 1 mM
MgSO4, 1 mM NaN3 . Res er voir so lu tion:  20% PEG 4000,
200 mM NaCl, 200 mM am mo nium sul phate in 100 mM
Na ci trate buffer, pH 5.6.  The fi nal crys tals were ob tained
by microseeding, i.e. dop ing the crys tal li za tion drop by 

sev eral microcrystals ob tained in pre lim i nary crys tal li za -
tion at tempts. The crys tal was soaked in the mother li quor
with 20 % eth yl ene gly col shortly be fore mea su -rement.

In spite of large and op ti cally per fect crys tals, the
suc cess ful X-ray dif frac tion mea sure ment re quired high in -
ten sity of pri mary X-ray beam. The fi nal mea sure ment was
per formed at the source of syn chro tron ra di a tion ESRF in
Grenoble at the beam line ID 29. Be cause of large unit cell
(a = 140.1, b = 205.7, c = 140.5 C, ß = 102.3°, space group
P21), the dif frac tion data was col lected with small os cil la -
tion an gle 0.1°. To tal 1800 frames gave 28 mil lions of mea -
sure ments up to res o lu tion 1.9 C. They were pro cessed by
spe cial ver sion of the HKL pack age of pro grams [3] for vi -
ruses. All data pro cessed up to 1.9 C gave 579289 unique
re flec tions, Rlin = 8.5 % and com plete ness 95 %. 

The phase prob lem was solved by the pro gram
EPMR (mo lec u lar re place ment by evo lu tion ary search [4])
us ing the struc ture of ß-galactosidase from Esch e richia
coli (PDB code 1DP0, res o lu tion 1.7 C) as a model [5]. In
spite of low homology, the global struc ture of one mono -
mer unit ap pears sim i lar. The struc ture build ing of the pro -
te ase tetramer into the maps of elec tron den sity and the
re fine ment is un der prog ress.

The Fig. 1 shows a car toon-view of a mono mer of the
ß-galactosidase from Arthrobacter sp. C2-2 ob tained by
homology mod el ing us ing pro gram Mod eler [6] start ing
from the ß-galactosidase from Esch e richia coli (homology
~30 %). Con for ma tions of side chains of the Glu442 and
Glu521 in the ac tive site of ß-galactosidase are shown in
stick and ball model.

Con clu sion

The x-ray struc ture de ter mi na tion us ing syn chro tron ra -
di a tion pro vides a re li able and suf fi ciently ex act ex per i -
men tal view of the mo lec u lar struc ture even in the case of
large pro tein macromolecule like this struc ture. This in for -
ma tion gives a com plete geo met ri cal view on bind ing and
mo bil ity of the prod ucts, in ter me di ate prod ucts and sub -
strates (mea sured af ter slight mu ta tion of the ac tive site)
which is nec es sary for a re li able de scrip tion of the en zy -
matic pro cess. The mu ta tion ex per i ments and re search of
ß-galactosidase com plexes nec es sary for a re li able in ter -
pre ta tion of low tem per a ture ac tiv ity of ß-galactosidase
from psychrotrophic microorganism Arthrobacter sp. C2-2 
are under way. 
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Ab stract
Some re cent ap pli ca tions of pow der dif frac tion in bi ol ogy
are shortly reviewed. Not only struc ture re fine ment of pro -
teins from pow der data ob tained by high-res o lu tion syn -
chro tron but also in ves ti ga tions of real struc ture of
bi o log i cal ma te ri als like wood. Other ex am ples are men -
tioned from stud ies of bi o log i cal mem branes by  X-ray re -
flec tivity, graz ing in ci dence and stand ing waves. 

1.  Introduction

In the last de cade, sin gle crys tal X-ray dif frac tion has be -
come a rou tine and well-known tech nique of protein struc -
ture anal y sis. Synchrotron ra di a tion is often re quired and
prep a ra tion of suit able sin gle crys tals may be not so easy.

How ever, this is not the only use of X-ray dif frac tion
and X-ray scat ter ing in bi ol ogy. In this short re view, sev -
eral other ex am ples will be men tioned - pow der dif frac tion, 
X-ray re flec tivity, graz ing in ci dence, stand ing waves.
These tech niques are mainly used for struc tural in ves ti ga -
tions of bi o log i cal mem branes.
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Fig ure 1.  Mono mer of ß-galactosidase from psychrotrophic mi cro or gan ism Arthrobacter sp. C2-2 liv ing in Antarctica un der low
tem per a ture.



2.  Pow der diffraction 

In last years, struc ture re fine ment and even struc ture de ter -
mi na tion from pow der diffraction has become more and
more pop u lar. This has been rou tinely used in chem is try,
phys ics and also ma te ri als sci ence. For large mol e cules it is 
rather com pli cated be cause the in for ma tion in pow der pat -
tern is much lower than in full sin gle-crys tal pat tern (ac tu -
ally one-di men sional pro jec tion) and more over, huge
num ber of dif frac tion lines leads to their strong over lap.
How ever, re cently suc cess ful at tempts of pro tein struc ture
re fine ment have been per formed due to fast de vel op ment
in in stru men tal tech niques, namely high-res o lu tion dif frac -
tion with syn chro tron ra di a tion. Pi o neer work was pre -
sented by von Dreele [1, 2] and it started se ries of other
ex per i ments, es pe cially at ESRF high-res o lu tion beamline
[e.g. 3a, 3b]. Other ex per i ments were per formed in Jap a -
nese syn chro tron SPring8, Brookhaven Na tional Lab o ra -
tory (NSLS) and in Argonne Na tional Lab o ra tory.
Dif fer ent pro teins were stud ied - lysozymes, ribonuclease,
myoglobin, bo vine in su lin, trypsines. Even the life time of
the sam ples at room tem per a ture may be not very long (e.g.
2 min utes), it is suf fi cient for col lec tion of high-qual ity pat -
terns. The life time can be in creased at lower tem per a tures
but it has also been found that the qual ity of pow der can of -
ten been de te ri o rated at low tem per a tures. Phase changes
can ap pear at low tem per a tures. 

Cur rent mo lec u lar weight limit is mov ing from 50 kDa
to 100 kDa. There is stil no pres ent way of solv ing pro tein
struc tures ab in itio from pow der data, but model build ing
and mo lec u lar re place ment work quite well. The com bi na -
tion of Rietveld- and stereochemical/re straint re fine ment
has been pro posed.

Ex per i ments have also shown how pow er ful pow der
diffraction can be for in ves ti ga tions of pro tein struc ture
vari a tions with changes of ex ter nal con di tions. High-res o -
lu tion pow der dif frac tion pat terns can dis play con sid er able 
sen si tiv ity to sub tle struc tural changes which can be seen in 
peak shifts, broad en ing and in ten sity changes. Pro tein lat -
tice pa ram e ters de ter mined from pow der data are up to two
or ders of mag ni tude more pre cise than that ob tained from
typ i cal sin gle-crys tal ex per i ments. Dis tinct ad van tages of
pow der dif frac tion can also be its com plete im mu nity to
crys tal frac ture and to any phase change that may ac com -
pany com plex for ma tion.

Of course, the bi o log i cal ap pli ca tions of pow der dif -
frac tion are not re stricted only to pro teins. In or ganic, min -
eral parts of bi o log i cal ob jects can be in ves ti gated as-well.
One ex am ple has been shown in pre ced ing Meet ing of the
Czech and Slo vak Struc tural Bi ol o gists [5]. Other can be
found for ex am ple in [6]. 

In ves ti ga tion of wood be longs  to an other in ter est ing
bi o log i cal ap pli ca tion of pow der dif frac tion. Re cently, its
stress-strain curves were ana lysed with syn chro tron ra di a -
tion [7] where in di vid ual wood cells could be mea sured
and com pared with the re sults ob tained from thin wood
foils. The de for ma tion pro cess is ex plained by stick-slip
mech a nism at mo lec u lar level which plays a role of dis lo -
ca tion glid ing in met als. It was found that there is mo lec u -
lar re cov ery in the cell wall. The wood tex ture and its
change with the strain was in ves ti gated as well.

Sim i lar tech niques to pow der dif frac tion are usu ally
used for fi bre dif frac tion. The method has its own Web site
on Fi bre Dif frac tion and  Poly mer Dif frac tion [8]. It is used 
for ex am ple for study of mus cles [9-12].

3. X-ray scat ter ing on sur faces and thin films

3.1 X-ray re flec tivity and graz ing-in ci dence dif frac tion

In ter est in X-ray in ves ti ga tions of sur face lay ers, thin films
and multilayers has in creased dra mat i cally dur ing last
decadee. In ad di tion to tra di tional dif frac tion tech niques -
both sin gle crys tal and pow der dif frac tion, new meth ods
have been de vel oped: X-ray re flec tion, graz ing in ci dence
dif frac tion and X-ray stand ing waves. Sev eral re view and
tu to rial pa pers on these tech niques were pub lished in this
jour nal [13-17]. (Il lus tra tions be low are taken from these
ref er ences). There are also monographies de voted to the
prob lem [e.g. 18].

The meth ods found their ap pli ca tions es pe cially in
phys ics, mi cro elec tron ics, op tics, tech nol ogy etc. Also
some bi o log i cal ap pli ca tions ap peared and their num ber is
in creas ing in last years. Namely for study of bi o log i cal
mem branes.

What is the prin ci ple and what we can learn? For the
com plete de scrip tion of  the scat ter ing phe nom ena dy nam i -
cal the ory must be used.  

The pecularity of the elec tro mag netic waves in the
X-ray re gion is that the re frac tive in dex of real ma te ri als is
less than unity as the elec tro mag netic tran si tions within the
at oms are ex cited. There fore, the ef fect of to tal re flec tion

of X-rays oc curs be low the crit i cal an gle of in ci dence (Fc),
see Fig. 1, Es. Re frac tion in dex can be writ ten in the form

      n i= - +1 d b

with

d
l

p
r b

l

p
m= =

2

2 4
re e x;

re = 2.818´ 10-15 m is the clas si cal elec tron ra dius, l is the

wave length, re is the elec tron den sity of the ma te rial and mx

is the ab sorp tion length. The crit i cal an gle is given by the
re la tion a dc » 2 . 

In the re gion of hard X-rays, the an gle is of the or der of
a few tenths of de gree. Be low the crit i cal an gle, the re frac -
tive in dex is imag i nary. Only the so-called ev a nes cent field 
pen e trates into the me dium up to the depth of a few nm and
the im ping ing in ten sity is speculary re flected (Fig. 1, kout).
At the same time a wave prop a gates par al lel to the sur face.
This  leads to dif frac tion on the lat tice planes per pen dic u lar 
to the sur face. 

The beam is called dif fracted-re flected and the dif frac -
tion graz ing in ci dence dif frac tion (GIXRD). The take-off
an gle is sim i lar to the an gle of in ci dence. The GIXRD com -
bines Bragg con di tions with to tal re flec tion and it is suit -
able for study of very thin films and sur face lay ers,
es pe cially their lat eral struc ture. Pen e tra tion depth is sig -
nif i cantly re duced with de creas ing in ci dence an gle and can 
be var ied over sev eral or ders (Fig. 2). 
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The re flected in ten sity is mea sured as a func tion of the
an gle of in ci dence un der spec u lar con di tions, e.g at an exit 
an gle of the same value. Then the mo men tum trans fer of
elas tic scat ter ing is par al lel to the sur face nor mal. The
value of crit i cal an gle is de ter mined by elec tron den sity, the 
de cay of the re flec tivity curve is re lated to sur face rough -
ness (faster for rough sur faces). It is of spe cial in ter est for
multilayers where two kinds of max ima are ob served -
Bragg peaks cor re spond ing to the dif frac tion on multilayer
struc ture and Kiessig max ima be tween them due to fi nite
thick ness of the whole multilayer. Then the to tal thick ness,
multilayer pe riod and num ber of pe ri ods can be de ter -
mined. By sim u la tion, also in ter face rough ness can be
stud ied and  it is pos si ble to de ter mine thin film den sity. 

Dif fer ent scans of dif fracted-re flected beam (GIXRD)
can be re al ized. This method gives in for ma tion on the
planes per pen dic u lar to the sur face. In gen eral, the method
pro vides struc tural in for ma tion on the crys tal line, dif frac -
tion por tion of the layer un like re flec tivity giving in for ma -
tion on both the 2D-crys tal line and amor phous parts of the
layer.

Spe cial in for ma tion on height-height cor re la tions and
fluc tu a tions can be ob tained by dif fuse scatering mea sured
at graz ing in ci dence (in nonspecular con di tions). In such
con di tions, lat eral struc ture on mesoscopic length scale can 
be investigated.

Ap pli ca tions to bi o log i cal materials

An ex am ple of com bi na tion of all three scans ap plied on bi -
o log i cal ob jects is de scribed in [19], where tem per a ture de -
pend ent x-ray scat ter ing stud ies are pre sented for thin films 
of pur ple mem branes with the na tive mem brane pro tein
bacteriorhodopsin. The film was highly ori ented on Si sub -
strate and this al lowed application of all the tech niques de -
scribed above. GIXRD re vealed 2D hex ag o nal lat tice
formed by the pro tein within the ma trix of the lipid bilayer.  

The dif frac tion pat tern of the pro tein a-he li ces does not
rely on intermolecular cor re la tions and could be mon i tored

in de pend ently of lat eral or der ing of the pro teins. Ther mal
de na tur ing tran si tion was stud ied. A par tial un fold ing of
the he li ces was ob served rather than the com plete un fold -
ing pro cess.

An other ex am ple also uses highly ori ented mem brane -
phospholipid and antimicrobial pep tides [20, 21].
Multilamelar sam ples were pre pared on solid sur faces. By
the tech nique, the short-range or der of the lipid chains in
the fluid La can be in ves ti gated quan ti ta tively. Mean dis -
tance be tween acyl chains and the as so ci ated cor re la tion
length can be de ter mined. The short-range or der in lec i thin
was found to be se verely af fected by the amphiphilic pep -
tide magainin 2. Sig nif i cant dis or der in both in the lamellar
stack ing and the lo cal mo lec u lar or der in the mem brane
was found. The chain-chain cor re la tion could be mon i tored 
at high pre ci sion. 

The in-plane and out-of-plane struc ture of mixed
ganglioside-phospholipid monolayers was in ves ti gated at
the air-wa ter iterface [22]. The sur face meth ods are es pe -
cially use ful for prob ing the in ter ac tion of pro teins with
monolayers - the ef fects rang ing from pro tein bind ing and
in ser tion, fluidization, clus ter ing, and do main for ma tion.
Bac te rial S-layer protein coupling to lipids was
investigated in [23]. Studies of sol u ble pro tein monolayers
sup ported by lipid bilayers [24] dem on strated that the equi -
lib rium struc ture is a sand wich film con trolled by tunning
the chem i cal po ten tials of the lipids and the pro tein. Dif fer -
ent be hav iour was observed for high and low con cen tra tion 
of lipid (swell ing pro cess or mixed struc ture with a mo lec -
u lar re or ga ni za tion).

GIXRD stud ies of urease films at the air-wa ter in ter face 
[25] dem on strated that hexadecylamine, when spread on
top of a urease film at the air-wa ter in ter face, forms a sta -
ble, well-or ga nized struc ture and re flec tivity mea sure -
ments showed that the urease film in the ab sence of fatty
amine molecules un folds at the in ter face to a 9C-thick
layer.

A two-di men sional co lum nar phase in mix tures of
DNA complexed with cationic liposomes has been found
in the lipid com po si tion [26, 27]. The struc ture con sists of
DNA coated by cationic lipid monolayers and ar ranged on
a two-di men sional hex ag o nal lat tice. Two dis tinct path -
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Fig. 2. Pen e tra tion depth and re flec tivity curve at graz ing 
in ci dence [14]

Fig. 1. Ge om e try of graz ing in ci dence dif frac tion. (taken from
[14]). E0 ... in ci dent beam, Es ... specularly re flected beam, Eh ...
dif fracted-re flected beam.



ways from the lamellar to the co lum nar hex ag o nal phase of
CL/DNA were found.

Re flec tivity stud ies were per formed on the mixed
Langmuir-Blodgett monolayers of the HIV-1 accesory pro -
tein  Vpu and the long-chain diacyl phospholipid
DLgPC[28]. They were examined as a func tion of molar
ra tio at con stant sur face pres sure and as a func tion of sur -
face pres sure at max i mal pro tein/lipid mole ra tio.

3.2 X-ray stand ing waves method [e. g. 16, 29]

There is well-known phe nom e non in per fect sin gle crys tals 
- superpositon of in ci dent and dif fracted beam gen er ates
stand ing waves. In the re gion of Bragg dif frac tion con di -
tion, the am pli tude of the scat tered wave is com pa ra ble
with the am pli tude of the re fracted wave and the field in -
ten sity is given by the equa tion

    I r E
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where 
r
E0  and 

r
Eh  are the am pli tudes of the in com ing and

dif fracted wave, re spec tively, 
r
h is the re cip ro cal lat tice vec -

tor and a is the phase of the ( / )
r r
E Eh 0   ra tio. The in ten sity

has a sig nif i cant pe ri odic spa tial de pend ence in the di rec -
tion of the re cip ro cal lat tice vec tor. The struc ture of the

stand ing wave is de ter mined by the ra tio and the phase a.
The val ues of the pa ram e ters are chang ing dras ti cally with
the de vi a tion from the Bragg an gle. The mu tual ar range -
ment of the atomic planes and of the planes of max i mum in -

ten sity of the wave field is de ter mined by a (for a = 0, the

in ten sity max ima are on the atomic planes, for a = -p, the
atomic planes co in cide with field nodes). In these dis tinct
cases, the in ter ac tion of the X-ray wave field with the crys -

tal is sig nif i cantly dif fer ent (max i mal for a = 0). The sit u a -
tion is il lus trated in Fig. 3. The in ten sity of the wavefield at
the atomic planes is max i mal on the high-an gle side of the
re flec tion curve where there is also the stron gest in ter ac -
tion of the field with the at oms.

We can con sider a monolayer of ad sorbed at oms on the
sur face of per fect crys tal where the stand ing waves are
gen er ated (Fig. 4). If the ad sorbed at oms are lo cated ex -
actly at the po si tion cor re spond ing to the sub strate pe riod,
re lated to the gen er ated stand ing waves, (Fig. 4, left), the
flu o res cent yield of the ad sorbed at oms is iden ti cal with the 
curve (3) of Fig. 3. How ever, if the ad sorbed at oms are dis -
placed only half of the pe riod of stand ing waves, the flu o -
res cent yield de pend ence on the dif frac tion an gle is
re versed be cause maximal in ter ac tion of the ad sorbed at -
oms with the stand ing waves is for the case when max ima
of the waves fall on the ad sorbed at oms (Fig. 4 - mid dle). It
can be seen from the strongly vary ing curve that it is sen si -
tive even to very small dis place ment of the lay ers with a
relative ex per i men tal ac cu racy of the or der of 1%. Thus, it
is pos si ble to de tect a dis place ment of the layer of thou -
sands of the pe riod of the stand ing wave. This is con sid er -
ably lower than the wave length of the in ci dent ra di a tion.

The right part of the fig ure cor re sponds to the case of
dis or dered layer. In this case, there is no co her ent po si tion
of the at oms and equal frac tions of the at oms cor re spond to
the nodes and antinodes of the stand ing waves. The shape
of the curve re pro duces the re flec tion curve (Fig. 3, 1). 

In gen eral, for par tially or dered lay ers we can de ter -
mine the so-called co her ent po si tion - mean plane of the
ad sorbed at oms with re spect to the dif fract ing planes, and
the co her ent frac tion de scrib ing the static and dy namic
(ther mal) dis place ments of the at oms from the co her ent po -
si tion.

The X-ray stand ing wave (XSW) method con sists in
mea sure ment of sec ond ary ra di a tion un der the con di tion of 
dif frac tion.- de pend ence of the yield of sec ond ary ra di a tion 
on the dif frac tion an gle (Fig. 5). Usu ally, flu o res cent ra di a -
tion or photoelectrons are de tected. The lat ter have ad van -
tage of very small yield depth. In prin ci ple, other kind of
sec ond ary ra di a tion could also be used (Compton
radiation, Au ger electrons). Since the flu o res cence is el e -
ment spe cific process, it is pos si ble to in ves ti gate dif fer ent
types of sur face at oms sep a rately (marker at oms). This
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Fig. 3.  Sche matic pic ture of the an gu lar  de pend ence (qB-q) of the 

re flec tion co ef fi cient (re flec tion curve) - 1 (PR), phase  - 2 ( a)

and the in ten sity of the wavefield at the atomic planes - 3 (k)
around  the dif frac tion po si tion [16].

Fig. 4. Il lus tra tion of dif fer ent po si tions of ad sorbed at oms with
re spect to the antinodes of the XSW field and the cor re spond ing
yield of flu o res cent ra di a tion of the ad sorbed at oms.



chem i cal se lec tiv ity is an other goal of the method. More -
over, the en ergy loss of photolectrons is char ac ter is tic of
the depth at which the elec tron was ex cited and the tech -
niques can be used for depth-re solved stud ies.

For in ves ti ga tion of or ganic ma te ri als long-pe riod
stand ing waves should be gen er ated (50 - 1000 C). 

The first pos si bil ity is to use to tal re flec tion from mir ror 
sur face. The stand ing wave is formed as an intereference
be tween in ci dent and specularly re flected waves. The am -
pli tude, phase and the pe riod de pends on the in ci dence an -

gle. At q = 0 a stand ing waves node lies at the mir ror
sur face and the first antinode in fi nitely far. As the in ci dent
an gle in creases the first antinode moves in ward un til the
crit i cal an gle when it co in cides with the mir ror sur face. Ad -
vanc ing above the crit i cal angle, the first antinode re mains
at the mir ror sur face while the am pli tude of the stand ing
waves dies off rap idly. This method can be called vari -
able-pe riod XSW and it is a pow er ful tool for study ing
mem brane struc ture [30]. Typ i cally, mea sure ments are

made by scan ning in an gle q and si mul ta neously mon i tor -
ing the reflectivity and flu o res cence yields from the ad -
sorbed at oms. 

The sec ond way is to use the Bragg dif frac tion from
lay ered syn thetic micro struc tures (al ter nat ing low and high 
elec tron den sity ma te ri als) with large pe riod [31]. It usu ally 
con sists of 10-200 layer pairs.  In ter fer ence of the incident
and dif fracted beam re sults in stand ing wave with the pe -
riod de ter mined by multilayer d-spac ing and the phase
vary ing dras ti cally through nar row Bragg dif frac tion an gu -
lar range. Be cause the an gu lar width of the Bragg peak is
on the or der of a frac tion of miliradian, the pe riod of stand -
ing wave re mains ap prox i mately fixed and equal to the
d-spac ing of the multilayer dur ing the course of a typ i cal
XSW mea sure ment.

Ap pli ca tion to bi o log i cal materials

This kind of stand ing waves is used for study of
biomembranes, heavy ion pen e tra tion through or ganic
bilayers and multilayers.

A re view of mem brane struc ture stud ies us ing XSW
has been pub lished in [32]. The re view dis cusses mem -
brane struc ture from the per spec tive of mem brane lipid and 
pro tein to pol ogy and of the aque ous re gion close to the
mem brane sur face. XSW is a method ca pa ble to give di rect
struc tural in for ma tion with atomic res o lu tion in an el e -
ment-spe cific man ner on sam ples that may take the form of

iso lated mem branes or lipid monolayers. More over it can
be used for both or dered and dis or dered sys tems. The
method com prises the one-di men sional pro jec tion of the
spa tially av er aged in-plane struc ture along the nor mal to
the sup port ing solid sur face. It can also be used to mon i tor
mem brane-re lated dy namic pro cesses (mem brane-lipid
phase tran si tions, ion move ment in mem brane sys tems,
diffusion). There is a per spec tive for in ves ti ga tion of pro -
tein fold ing, mem brane-pro tein in ser tion, sur face po ten -
tial-driven re ar range ments in mem brane as so ci ated ion,
lipid, and/or pro tein dis tri bu tions and sur face bind ing.

Usu ally, dis tri bu tion of marker atom above the sub -
strate is mod elled, re flec tivity and flu o res cence yield cal -
cu lated and com pared to ex per i men tal data. Ini tially, a
lay ered model of re frac tive in dex is used. By ad just ing the
in ter fa cial rough ness, re flec tivity is fit ted and sub se quently 
flu o res cence cal cu lated.

LB films are fre quently used as mod els for
biomembranes. They also have been stud ied by the XSW
method (zinc at oms dis tri bu tion in LB trilayer of Zn and Cd 
arachidate). Mem branes up to 1000 C thick were stud ied
with C res o lu tion [32].

For in ves ti ga tion of mem brane-pro tein ar range ment
and be hav iour in spe cific en vi ron ment, se ries of lipids and
pro teins spe cif i cally la beled with approapriate marker at -
oms must be pre pared. Be cause many mem brane pro teins
con tain heavy at oms nat u rally, they are ideal can di dates for 
struc tural bi ol ogy stud ies. These in clude for ex am ple stud -
ies of top o log i cal re la tion ship of the elec tron-trans fer pro -
tein, cytochrome c; the bi o tin-streptavidin com plex;
pro tein kinase C; phospholipase A2; bacteriorhodopsin. In
[32], the stud ies of cytochrome c bound as a monolayer to a 
flat sup ported lipid alayer on an XSW-gen er at ing sur face is 
pre sented. It was shown that the pro tein re tains its glob u lar
shape and is hex ag on ally close-packed while ad sorbed at
the sil ver mir ror sur face.

Re cently, also the in-plane struc ture of the
biomolecular films (acyl chain or der ing) was stud ied using
res o nant X-ray beam coupling prin ci ple [33]. In this ap -
proach, the sam ples are di rectly in cor po rated in the X-ray
wave guide [34] cre ated artifically from suitable sub strate
and a cap layer. The res o nantly en hanced dif frac tion sig nal
can then be mea sured by tun ing the in ci dence an gle to a
res o nant mode of wave guide.

In con clu sion, it can be sum ma rized that re cent ap pli ca -
tions of both traditional (pow der dif frac tion) and rather
new (sur face scat ter ing) X-ray tech niques re vealed amaz -
ing pos si bil i ties for struc tural stud ies of bi o log i cal sys tems.
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